Two groups of pigs were infected with a recent Italian isolate of swine vesicular disease virus (SVDV). Blood, nasal swabs and faeces were collected for up to 6 months after exposure to infection and animals were killed at regular intervals to obtain tissues post-mortem. These samples were examined for virus by conventional means and for viral RNA (vRNA) by reverse transcription-nested polymerase chain reaction (RT-nPCR). Virus was identified intermittently from both clinically and subclinically infected animals in nasal swabs, faeces and tonsillar tissue by either virus isolation or RT-nPCR up to 63 days post infection (dpi). Between 63 and 119 dpi virus was not detected in the secretions, excretions or tissues of any pigs. Following mixing of the two groups of animals at 119 dpi, SVDV was again identified in faeces for up to 7 days suggesting that the stress of mixing reactivated the excretion of virus in pigs from which the agent could no longer be identified. Minor antigenic changes were identified between the parental virus and isolates recovered late in the course of infection. Altered antigenicity corresponded with deduced amino acid substitutions identified from differences in nucleotide sequence between early and late isolates. This investigation demonstrates that SVDV and vRNA can be present in pigs for considerably longer after exposure to infection than has previously been recognized and provides preliminary evidence for a carrier state in swine vesicular disease.
INTRODUCTION
Swine vesicular disease (SVD) is a viral disease of pigs characterized by the appearance of vesicular lesions on the limbs, around the mouth, and occasionally on the snout of affected animals. Although the disease is frequently mild in nature, it is important because of the similarity of the lesions to those produced by footand-mouth disease (FMD). The first outbreak of SVD was recognized in Italy in 1966 [1] . The disease occurred in Hong Kong in 1970 [2] and in the UK in 1972 [3] . Subsequent outbreaks were seen in a number of European and Asian countries [4] . Since 1992 there * Author for correspondence.
has been an increase in the number of outbreaks of SVD within the European Union [5, 6] and an SVD eradication campaign is currently underway in Italy.
Swine vesicular disease virus is a subspecies of coxsackievirus B5 and a member of the enterovirus genus in the family Picornaviridae [7, 8] . SVD virus infection can occur by a variety of routes, the most sensitive being through damaged skin [4] . Dekker and colleagues [9] demonstrated that contact with an environment contaminated with SVDV was as infectious as direct inoculation or contact with SVDVinfected pigs. After multiplication at the initial site of infection, the virus spreads and large amounts are found in the secretions and excretions of the pig before the appearance of lesions [10] . At the same time as the lesions appear, large quantities of virus are present in vesicular material and in the tissues of the body. The amount of virus detected decreases once antibody starts to be produced. Subclinical infection, characterized by seroconversion and viral excretion without clinical signs, is recognized [11, 12] . Using conventional techniques for virus isolation, most studies to date suggest that SVDV is rapidly eliminated from infected pigs. The virus does not generally persist in the tissues longer than 14 days and cannot be recovered from oral or nasal swabs beyond 7 dpi [13] . Excretion in faeces usually occurs for up to 23-39 dpi [11, 12] . A study in France [14] reported that virus was recovered in pharyngeal mucus up to 90 dpi, nasal mucus up to 80 dpi, urine up to 90 dpi and faeces up to 100 dpi following infection with the virulent French isolate 2862 L. C. R. V.. However, the ability of these pigs to transmit disease or infection was not investigated. Both historically in the UK [15, 16] , and more recently within Europe [17] , outbreaks of SVD have occurred which could not be traced back to any known source. Previous attempts to identify the carrier state in SVD have been unsuccessful [13] . In line with the development of extremely sensitive PCR-based techniques for a variety of pathogens of man and animals [18] [19] [20] [21] , an RT-nPCR for the detection of SVDV RNA has recently been described which is considerably more sensitive than virus isolation in tissue culture [22] . The advent of these new techniques, and the fact that the duration of infection with recent European strains of SVDV has not been investigated, prompted this study.
The aims of this investigation were to determine for how long SVDV and\or viral genome could be identified in the secretions, excretions and tissues of pigs following exposure to infection with the recent European isolate of SVDV, ITL\9\93.
MATERIALS AND METHODS

Viruses
SVDV strain ITL\9\93, isolated in 1993 from an outbreak of clinical disease in Forli, Italy, was used for the inoculation of pigs. The original isolate was passaged three times on IB-RS-2 cells (swine kidney cell line) [23] to achieve a titre suitable for experimental inoculation. After the final passage, the culture supernatant was clarified by centrifugation at 1000 g for 10 min, mixed with an equal volume of glycerol and stored at k20 mC. The titre of the inoculum was determined by end-point titration on IB-RS-2 cells before use.
Experimental animals
Twenty-seven, 6-week-old, Landrace-cross pigs of approximately 20 kg in weight were used in this study. They were divided into 3 groups : 2 experimental groups, each of 12 pigs (Group 1 : pigs 16-27 ; Group 2 : pigs 28-39), and a negative control group of 3 pigs. The three groups were housed in separate pens in an isolation unit at the Institute for Animal Health, Pirbright Laboratory.
Experimental protocol
On the first day of the experiment (day 0) 2 out of the 12 pigs in each experimental group were inoculated with 10( n % TCID &! of SVDV\ITL\9\93 in 1 ml of tissue culture fluid by intradermal injection into the bulb of the heel of the right fore leg (' infected ' pigs). The 10 remaining pigs in each experimental group were kept in contact with the directly-inoculated animals for the duration of the experiment (' exposed ' pigs). For the first 7 days after inoculation, faeces were allowed to build up in the pens and there was minimal cleaning to ensure a high level of exposure to SVDV in the ' exposed ' animals. Pigs were examined for clinical signs on dpi 3, 5, 7, 12, 14 and 21 and their rectal temperatures were measured daily. An objective assessment of the severity of clinical signs was made using the lesion scoring system of Mann [13] in which a pig showing severe lesions at all predilection sites is given a score of 100. The final lesion score for each animal was taken as the maximal score observed at any stage after infection. One animal from each group was killed at weekly intervals for the first 49 dpi then at monthly intervals from 63 dpi until all the remaining pigs were killed at 176 dpi. At 119 dpi, when SVDV and vRNA had not been detected in nasal swabs, faeces or tissues for 56 days, the remaining three pigs in each group were subjected to stress by being moved into a new, clean pen to form a single group of six animals.
Collection and processing of samples
Blood, nasal swabs and faeces were collected periodically throughout the experiment. Blood was collected Swine vesicular disease virus infection in pigs by venipuncture of the right anterior vena cava and allowed to clot. Serum was decanted and stored at k20 mC. Nasal swabs were collected by swabbing the nasal turbinates via the nostril using ENT swabs (Technical Service Consultant Ltd), which were then cut and placed in sterile bijou bottles containing 2 ml of phosphate-buffered saline (PBS) with 0n15 % bovine serum albumin, 2 µg\ml Fungizone, 20 units\ml penicillin, 100 units\ml neomycin and 100 units\ml polymixin. Faeces were collected directly from the rectum. On each occasion that pigs were killed, the range of tissues listed in Table 1 was collected post-mortem. Samples of nasal swabs, faeces and tissues were snapfrozen on solid carbon dioxide and stored at k20 mC until processed.
Nasal swabs were thawed and ground with sterile sand in a pestle and mortar. The suspensions were centrifuged at 1000 g for 5 min. Between 1 and 20 g of faecal material was diluted 1 : 20 in PBS (w\v) and centrifuged at 5000 g at 4 mC for 20 min to remove particulate matter. The upper layer was decanted and centrifuged at 151 200 g at 4 mC for 3 h to pellet the virus. The pellet was resuspended in 3 ml of PBS. A 20 % (w\v) suspension of tissues was prepared in PBS by mincing with sterile scissors and grinding with sand in a pestle and mortar. The resulting suspension was centrifuged at 1000 g for 5 min. Final suspensions of nasal swabs and tissues, and the resuspended pellet obtained from faeces, were held on ice prior to vRNA extraction and virus isolation.
Virus isolation from nasal swabs, faeces and tissues
Suspensions of nasal swabs, faeces and tissues were treated with 1,1,2-trichloro-trifluoro-ethane (Freon ; Sigma) as described by Sutmoller and Cottral [24] in order to maximize the likelihood of the recovery of virus. Freon-treated samples were inoculated onto five tubes of IB-RS-2 cell monolayers (0n2 ml\tube). After adsorption and rinsing with PBS, 2 ml of serum-free Eagle's medium (Glasgow) was added. The tubes were incubated at 37 mC for 3 days with rolling. Tubes were inspected daily for evidence of cytopathic effect (cpe). If cpe was observed, the supernatant was harvested, frozen and thawed once, and examined for the presence of SVDV by ELISA [25] . If there was no evidence of cpe after 3 days, the cell cultures were frozen and thawed once and a further two blind passages onto fresh tubes of IB-RS-2 cells were performed. The tubes were incubated for a further 5 days for each passage, inspecting the tubes daily as before. If no cpe was evident after the third passage, the sample was recorded as ' no virus detected '.
Measurement of antibody to SVDV
Sera were examined for total antibody to SVDV by the virus neutralization test (VNT) using as antigen SVDV\ITL\9\93 in the microneutralization assay described by Golding and colleagues [26] . Titres were defined as the reciprocal of the log "! dilution of the 50 % end point using a virus dose of 100 TCID &! . Titres were classified according to the criteria defined by the Office International des Epizooties [27] ) as positive ( 1n61), doubtful ( 1n10 but 1n61) or negative ( 1n10). Isotype-specific antibodies (IgG and IgM) were measured by an adaptation of the isotype-specific indirect ELISA of Brocchi and colleagues [28] using monoclonal antibodies k139 3C8 for IgG (subtypes 1 and 2) and k52 1C3 for IgM (Mabs provided by Dr C. Stokes, University of Bristol).
The detection of SVD vRNA in nasal swabs, faeces and tissues
Total RNA was extracted from suspensions of nasal swabs, faeces and tissues and SVD vRNA was detected by RT-nPCR, as described by Lin and colleagues [22] . The RT-nPCR amplified a fragment of 594 base pairs in length corresponding to part of the capsid-coding region (1C and 1D) of the genome.
Genomic and antigenic variation in sequential isolates
Total RNA was extracted from faeces and tissue culture fluid as described by Lin and colleagues [22] . Direct sequencing of the PCR-amplified fragments was performed using an f-mol2 sequencing kit (Promega, UK). The primer oligonucleotides used for sequencing corresponded to regions of the SVDV genome coding for parts of the structural, capsid proteins VP3 and VP1 [22] . Selected virus isolates collected early or late in the course of infection were antigenically characterized in an indirect antigentrapping ELISA (Samuel and colleagues) using Mab 5B7 [29] , which recognizes antigenic site 2 [30] , and Mab C29 [30] which binds to residue 261 of VP1, close to the carboxyl terminus of the protein. 
Detection of SVDV and\or vRNA from a range of tissues collected post mortem from pigs killed at intervals following exposure to infection with SVDV\ITL\9\93. At 119 dpi the remaining pigs were subjected to stress by mixing the 2 initial groups to form a single group of 6 pigs in a new pen. Virus isolation was performed on all samples positive by RT-nPCR and on the additional samples shown on the table. *, after mixing ; †, positive by virus isolation ; ‡, negative by virus isolation ; RT-nPCR : j, positive, k, negative ; pi, post infection ; nd, not done ; LN, lymph node. Swine vesicular disease virus infection in pigs
RESULTS
Clinical observations
All four ' infected ' pigs which were inoculated intradermally developed clinical disease. Only 10 out of the 20 ' exposed ' pigs showed clinical signs ( Table 2) . Lesions were first observed in the directly-inoculated pigs between 4 and 7 dpi and in the exposed animals between 7 and 14 dpi. Maximal lesion scores were recorded on 7 dpi for the inoculated pigs and between 7 and 14 dpi for the exposed pigs. The severity of the clinical signs varied considerably between animals but was generally mild to moderate. There was no significant difference between the lesions scores of the two experimental groups (Mann Whitney U Test, P 0n05) ; the highest score in those pigs showing clinical signs was 66 and the lowest 1 ( Table 2) . Vesicle formation was associated with only mild lameness. Pyrexia was not observed in any pig (data not shown).
Recovery was rapid and all pigs had returned to normal by 21 dpi.
Serology
Thirteen out of the 14 pigs which showed clinical signs were positive by VNT ( Table 2 , Fig. 1 ). The exception was pig 25 which was killed only 1 week after exposure to the ' infected ' pigs before seroconversion could occur. Nine out the 10 animals which did not show clinical signs seroconverted by VNT (Table 2) ; the exceptional animal (pig 20) remained seronegative despite the fact that virus was isolated from its faeces intermittently until it was killed at 42 dpi (Table 3 ). The titres of subclinically infected animals were generally lower than those of pigs which showed clinical disease and for 3 subclinically infected animals (pig 21, 26 and 34) the maximum titre recorded was only classified as doubtful. The mean maximum titre of 1n9 log "! (.. 0n8) for the subclinically infected pigs was significantly lower than the mean maximal titre of 2n5 log "! (.. 0n7) for the clinically infected pigs (t l 2n07, P 0n05, 22 ..). The antibody titres of the six pigs which were kept for at least 126 days are shown in Figure 1 and demonstrate the full range of responses observed. In pigs which showed a strong humoral response, titres rose rapidly within the first 28 dpi and remained positive at high titre until the animals were slaughtered up to 6 months after infection (e.g. pigs 22 and 33, Fig. 1 ). Titres in animals which showed only weak Table 2 .
Outcome of infection of pigs following exposure to a recent SVDV isolate ITL\9\93
Day killed pi to the infected pigs (exposed pigs, E). The severity of clinical disease was assessed using the lesion scoring system of Mann (1982) in which the maximum score is 100. Sera were considered positive for antibody to SVDV if the reciprocal titre by VNT was equal to or greater than 1n61 log "! (Golding and colleagues, 1976) . The maximum titre recorded at any stage following infection is shown. FACS, first appearance of clinical signs (dpi).
* After mixing. pi, post infection. serological responses also rose rapidly within the first 28 days, but subsequently fluctuated in the low positive or doubtful regions (e.g. pigs 23 and 36 ; Fig. 1 ). After mixing of the remaining three animals in each group at 119 dpi to form a single group, an increase in antibody titre was observed in the two pigs (23 and 36) which had low antibody titres at the time of mixing. The other remaining pigs still had high antibody titres at this time and no further increases were observed.
Isotype-specific responses were studied for several pigs (Fig. 2) . As expected, the early class of antibody to be detected was IgM which could be measured from about 7 dpi to 35 dpi. IgG was detected from about 14 dpi and was generally the predominant isotype detected from 21 days after the onset of seroconversion. Class switching from an early IgM response to a later IgG response occurred in pigs with both clinical (e.g. pig 22, Fig. 2 ) and subclinical (e.g. pig 27, Fig. 2) disease. An exception was pig 23 which was subclinically infected and only seroconverted to low titre by VNT following initial infection. Examination of sera by isotype-specific ELISA showed that the initial response was exclusively of IgM class and that the secondary response following mixing at 119 dpi was exclusively of IgG class (Fig. 2) . Between the day 28 and day 126, pig 23 remained positive by VNT but negative by isotype-specifici ELISA, reflecting either a lower sensitivity for the ELISA or the detection of different antibodies in the two tests employed.
Identification of the agent
Samples collected in vivo SVDV was detected in faeces by virus isolation and\or RT-nPCR in all the pigs examined at 7 dpi, Swine vesicular disease virus infection in pigs RT-nPCR
Detection of SVDV and\or vRNA in nasal swabs, faeces and tonsils collected from pigs on the day they were slaughtered. Animals were killed at the intervals shown following exposure to infection with SVDV\ITL\9\93 on day 0. at 119 dpi the remaining pigs were subjected to stress by mixing the 2 initial groups to form a single group of 6 pigs in a new pen. * After mixing. † Positive by virus isolation. ‡ Negative by virus isolation. pi, post infection.
and in the majority at 14 dpi (Table 4) . SVDV was detected in nasal swabs either by one or the other of the two techniques in the majority of samples collected at 7 and 14 dpi ( Table 4 ). The number of samples which were positive by either technique declined with time. By virus isolation, SVDV was isolated intermittently from faeces for up to 63 dpi and from nasal swabs for up to 35 dpi. By RT-nPCR, vRNA was detected in both faeces and nasal swabs from at least one animal on every sampling occasion up to 63 dpi (Table 4) . After 63 dpi and before mixing of the two groups at 119 dpi, neither virus nor vRNA could be detected in nasal swabs or faeces from the remaining pigs. As expected, mixing of the two groups resulted in fighting and, presumably, physiological stress. An apparent reactivation of virus excretion was detected as SVDV was again isolated from the faeces of 4 out of the 6 remaining animals at 121 dpi and faecal samples from all 6 were positive by RT-nPCR. Virus excretion was short-lived as SVDV could no longer be isolated from faeces collected 7 days or more after mixing, although two faecal samples collected at 126 dpi were positive by RT-nPCR alone. No SVDV was detected by either technique in nasal swabs collected at any time after mixing.
Samples collected post mortem
Swine vesicular disease virus was detected by virus isolation and\or RT-nPCR in the majority of tissues collected from pigs killed at 7 and 14 dpi (Table 1) . Beyond 14 dpi the agent could not be detected by either technique in any of the tissues examined with the exception of tonsil and somatic muscle. Viral RNA, but not infectious virus, was detected in samples of tonsil and somatic muscle from some, but not all, of the pigs killed up to 63 and 35 dpi, respectively. SVDV was not detected by virus isolation or RTnPCR in any of the tissues collected from pigs killed after 63 dpi (Table 1 ) and all samples collected from the three control animals remained negative for SVDV and vRNA throughout the experiment (data not shown). The detection of SVDV and vRNA in nasal swabs, faeces and tonsils collected from pigs on the day of slaughter is collated in Table 3 . In all cases where SVDV was identified in nasal swabs, the agent was also identified in the tonsils of the same pigs. However, the converse was not true and in three pigs (37, 38 and 39) vRNA was identified in tonsils post mortem but not in nasal swabs. There is, therefore, no correlation between the continued presence of SVDV in the tonsil and its detection in nasal swabs. In four pigs (18, 21, 27 and 32) SVD vRNA was identified in the faeces at slaughter but the agent was not identified in the tonsils post mortem. In 2 out of these 4 animals SVDV was also isolated in tissue culture. Conversely, vRNA was detected in the tonsil but not in the faeces of pig 39. The tonsil does not, therefore, appear to be the only site of persistence for SVDV in animals in which the virus can be identified for prolonged periods. Swine vesicular disease virus infection in pigs Detection of SVDV by virus isolation (VI) or SVD vRNA by RT-nPCR from faeces and nasal swabs collected from pigs exposed to infection with SVDV\ITL\9\93 on day 0. AT 119 dpi the remaining pigs were subjected to stress by mixing the 2 initial groups to form a single group of 6 pigs in a new pen. dpi, day post infection ; ns, no sample ; number of positive samples\number of samples examined.
* After mixing.
Genomic and antigenic variation in sequential isolates
The nucleotide sequence of part of the 1D gene of the virus was determined for isolates recovered from faeces collected during the course of the experiment (Fig. 3 ). Sequences were derived by direct sequencing of RT-nPCR amplicons. When the consensus sequence of the parental virus (SVDV, ITL\9\93\P, nomenclature detailed in legend to Fig. 3 ) was compared with each consecutive isolate without passage in tissue culture, the extent of variation ranged from 0 % (18\F\7, 23\F\7, 27\F\7, 36\F\7 and 36\F\14) to 1n3 % (18\F\63). Sequence changes were not detected in samples collected at 7 dpi. A maximum of 5 nucleotide substitutions were detected in an isolate recovered from faeces collected at 63 dpi (18\F\63). None of these nucleotide changes was conserved in viruses isolated at 121 dpi, but up to three base changes were detected at other sites. None of the five nucleotide changes which occurred in isolates recovered at 63 dpi resulted in amino acid substitutions (Fig. 4) . In contrast, all three nucleotide changes detected in isolate 36\F\121 recovered at 121 dpi resulted in amino acid substitutions and two other isolates collected at 121 dpi also had the same substitutions at two out of these three sites (23\F\121 and 27\F\121). The extent of variation in amino acid sequence therefore varied from 0 % (18\F\7, 18\F\14, 18\F\63, 23\F\7, 23\F\21, 27\F\7, 27\F\21, 27\F\28, 27\F\63, 36\F\7 and 36\F\14) to 1n9 % (36\F\121). There was no change in plaque morphology in tissue culture between isolates which were recovered from faeces collected at 63 dpi and 121 dpi (data not shown). Cross-neutralization assays (Table 5) showed that sera collected from pigs 31 and 36 early in the course of infection (7 dpi) neutralized the parental virus, and virus isolates from the same animal at early or late stages of infection, equally well. Likewise sera collected from either pig late in the course of infection (167 dpi) also had equally high neutralizing titres against the parental virus and viruses isolated from the homologous pig at 7 or 121 dpi. Early and late isolates from pigs 31 and 36 were also examined using Mabs (Table 5) . Mab C29 bound early isolates from either pig at least as well as the parental virus but did not bind to the late isolates from either pig. Conversely, Mab 5B7 bound the parental virus, early isolates and late isolates equally well. 3 . Nucleotide sequences encoding the VP1 region of the parental strain ITL\9\93 and selected isolates from experimental pigs collected at increasing time after infection. Differences in sequence between the parental virus and isolates derived from the experimental animals are shown. The nomenclature used for viruses was as follows : Pig number\origin\dpi ; F, faeces ; P, parental virus. *, Numbering according to SVDV\UKG\27\72 [31] . 
Table 5. Antigenic comparison between parental virus (SVDV\ITL\9\97\P) and isolates from early and late in the course of infection
VNT titres of sera collected at Percent reactivity in ELISA compared with parental virus Virus 21 dpi 167 dpi C29 5B7 SVDV\ITL\9\93\P 2 n 3 2 n 5 100 100 31\F\7\T 2 n 5 2 n 3 100 100 31\F\121\T 2 n 1 2 n 5 1 8 100 SVDV\ITL\9\93\P 1 n 9 2 n 7 100 100 36\F\7\T 1 n 8 2 n 1 100 100 36\F\121\T 1 n 8 2 n 3 1 0 100
VNT titres of sera collected from pigs 31 and 36 at 21 and 167 dpi against the parental virus (SVDV\ITL9\93) and against isolates collected from the same pigs either 7 (31\F\7\T, 36\F\7\T) or 121 (31\F\121\T, 36\F\121\T) dpi. The nomenclature used for viruses was as follow : Pig number\Origin\dpi\tissue culture isolate ; F, faeces ; P, parental virus ; T, virus isolate passaged in tissue culture. The same viruses were also examined in an antigen trapping ELISA using Mabs C29 and 5B7 as detecting antisera. As defined by Samuel [29] , ELISA reactivity was classified as very high ( 76 %), high (46-75 %), medium (20-45 %) or none ( 20 %).
DISCUSSION
Swine vesicular disease virus was recovered in the nasal secretions and faeces of pigs exposed to infection with a recent European strain of SVDV, ITL\9\93, for up to 63 dpi. This contrasts with the majority of previous reports where SVDV was detected in faeces up to a maximum of 39 dpi [12] and confirms the work of Gourreau and colleagues [14] demonstrating that SVDV can be present in the excretions and secretions of pigs for several months after infection. Using conventional techniques for virus isolation from tissues post mortem, SVDV has previously been detected for up to 14 dpi [14, 32] . Virus was isolated from tissues for the same length of time in the study reported here. However, using RT-nPCR, vRNA was detected for up to 63 dpi in tonsils and for up to 35 dpi in somatic muscle. The ability to detect SVDV for longer by RT-nPCR than by virus isolation was due either to the greater sensitivity of the RT-nPCR [22] or because vRNA persists for longer in tissues than viable virus. The stringent precautions which were taken to eliminate the possibility of false-positive results by RT-nPCR have been detailed elsewhere [22] making this an unlikely explanation for RT-nPCR positive\virus isolation negative results. In only one (Table 3 ; pig 20, faeces) of the many RT-nPCR negative samples that were examined by virus isolation was virus recovered from a sample which was negative by RT-nPCR. It therefore appears that there were rare instances in which substances inhibitory to Taq DNA polymerase were still present after RNA extraction from the faeces. As not all RT-nPCR negative samples were examined by virus isolation, it is possible that the results under-represent slightly the extent of virus excretion in faeces. Virus excretion in faeces was ' reactivated ' for a short period in pigs from which SVDV could no longer be identified by subjecting the animals to the physiological stress of mixing. Re-excretion was shortlived as the agent could not be identified beyond one week after mixing. SVDV must, therefore, have persisted in one or several of the remaining pigs between 63 and 119 dpi without being detected in faeces or nasal swabs collected in vivo or in tissues collected post mortem. The finding that virus was recovered beyond 28 dpi suggests the carrier state may occur in SVD. The possibility that reactivation of virus excretion resulted from uptake of virus persisting in the environment can be discounted due to the absence of the agent from any samples collected for a period of over 60 days and due to the fact that the animals were moved to a new, clean pen at the time of mixing. The demonstration of a rise in antibody titre in 2 of the 6 pigs following mixing is further evidence of a reactivation of infection resulting in immune stimulation.
Infectious virus and vRNA were detected for considerably longer in faeces than in tissues and nasal swabs. This finding is in agreement with previous reports for both SVDV [14, 15] and human enteroviruses [33] and points towards a site of virus persistence associated with the alimentary tract. Of the tissues examined, SVDV and vRNA were identified for longest in the tonsil. However, the tonsil was not the only site of persistence as virus was detected in tissue culture from the faeces but not the tonsils of four pigs on the day they were killed (Table 3) and virus was not detected from the tonsils of pigs slaughtered at the time of reactivation of excretion. Sites of virus persistence other than the tonsil were not identified.
Clinically, the disease produced by SVDV\ITL\ 9\93 was mild. The morbidity observed in this study was lower than in many previous reports of similar studies [9, 10, 13] . Differences in morbidity may be related to the use of different strains, methods of administration, amounts of virus and the environmental conditions under which the animals were kept. Rough flooring and wet conditions underfoot can influence the severity of lesions [12] . Fifty per cent of the animals exposed to infection with SVDV\ITL\ 9\93 by contact showed only a subclinical infection. This is consistent with subclinical disease being a common sequel to infection of both man and animals with enteroviruses [1, 2, 4, 13, 33, 34] . Infection with SVDV by the oral route, as presumably occurred here, has been shown preferentially to result in subclinical, rather than clinical disease [12] . Antibody titres in subclinically infected pigs were significantly lower than in clinically affected pigs. In one animal (pig 20) seroconversion did not occur but virus was recovered in the faeces for up to 42 dpi (Table 3 , additional data not shown). SVDV is very resistant to environmental factors such as pH and temperature, and can survive transit through the stomach. Prolonged isolation of virus could, therefore, be due to transfer of virus from other affected pigs. However, it is more likely that the virus replicated at some site in the gastro-intestinal tract without producing significant pathology or inducing a strong immune response. There are reports that human enteroviruses can persist in affected tissues (myocardium) without causing gross cytopathology or consistently eliciting a humoral or cellular immune response [35, 36] .
The epidemiological significance of subclinical infection in SVD is unclear. There is only 1 report of the transmission of infection from subclinically infected pigs to susceptible animals placed in contact [12] and there are no reports of clinical disease arising from such sources of virus. In the study reported here virus was recovered for prolonged periods from both clinically and subclinically affected pigs suggesting that the establishment of persistence was not related to the clinical course of infection. The fact that virus was shed into the environment suggests that there is at Swine vesicular disease virus infection in pigs least the theoretical possibility of the transmission of infection from subclinically infected pigs or from persistently infected animals which have recovered from clinical disease. Experiments to demonstrate or refute the possibility of transmission are currently underway at the Institute for Animal Health, Pirbright. If it is shown that transmission of infection or disease can occur this will have profound implications for eradication campaigns. Control currently relies on the detection of SVD due to the appearance of clinical signs or due to findings seropositive animals during serological surveillance. In the experiment reported here, virus was recovered from four pigs which did not show clinical disease and in which the maximum antibody titres by VNT were so low as to be classified as doubtful (pig 21, 26 and 34) or negative (pig 20). If such animals arise in the field they might well be missed using current surveillance procedures and would therefore represent an untraceable source of infection.
For the establishment of the carrier state, antigenic variation may be one of the mechanisms by which persistent viruses evade the immune response of the host. Cross neutralization studies demonstrated that SVD viruses collected early or late in the course of infection were neutralized equally well by serum collected at the start of the humoral response or shortly before the pigs were killed (Table 5) . Therefore, the virus used in the current experiment did not alter during the course of infection in such a way that it was no longer neutralized effectively. All 3 externally exposed capsid proteins of SVDV contain regions which are antigenic [37] . Isolates collected late in the course of infection revealed up to a maximum of 3 amino acid substitutions in VP1, suggesting that subtle alterations in antigenicity did occur. These substitutions were mapped onto the three-dimensional structure of coxsackievirus B3 [8, 38] . Of these substitutions, two (positions 80 and 85) were located in, or close to, the BC loop region of VP1 which constitutes antigenic site 1 in SVDV [37] . The third substitution (position 91) is predicted to lie in β-sheet C and is located close to position 261 which has been found to be critical for the binding of neutralizing monoclonal antibody C29 [30] . The finding that Mab C29 showed no binding with viruses having substitutions at position 91 suggests that alterations in or near Site 1 might be linked in some way to an ability to persist in the host. The demonstration that a Mab to Site 2 (5B7) bound early and late isolates equally well suggests that this site is not involved in persistence.
In conclusion, the current study demonstrated that a recent isolate of SVDV and vRNA could be recovered from the tonsils of pigs, and from their secretions and excretions, for much longer than has been accepted for historic strains of the virus. Further experiments are underway to determine the frequency with which the carrier state occurs and to identify the sites in which the virus persists. If the carrier state is shown to be a common sequel to infection with SVDV, this will significantly affect our understanding of the epidemiology of the disease.
